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(71) We, Exxon Research and 
Engineering Company formerly known as 
Esso Research and Engineering Com- 
pany, a Corporation duly organised and 
5 existing under the laws of the State of 
Delaware, United States of America, of 
Linden, New Jersey, United States of 
America, do hereby declare the invention 
for which we pray that a patent may be 
10 granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
for which we pray that a patent may be 
This invention relates to self-sealing 
15 packaging films. _ . 

Self-sealing packaging films are known 
' and are used in shops for example, for 
wrapping and display of food in refrigerated ' 
display units. 

Various materials have been used for 
such films, the most common being PVC 
and polyolefin. However these films suffer 
from various disadvantages and have not 
been completely satisfactory in use. 

We have now discovered a composition 
which can be made into a stretch and seal 
film. According to this invention a trans- 
parent self-sealing film is made from a com- 
position comprising (i) 90-99.95 wt.% of a 
30 copolymer of ethylene and a vinyl (or 
hydrocarbyl substituted vinyl) ester of 
Ci— C» monocarboxylic acid containing at 
least 89 wt.% of ethylene, and (ii) either 
0.05 to 10 wt.% of a hydrocarbon resin 
35 (as hereinafter defined), or 0.05 to 5 wt.% 
of liquid polyisobutylene or liquid poly- 
butylene or a combination of 0.05 to 10 
wt.% of the hydrocarbon resin and 0.05 to 
5 wt.% of the polyisobutylene or polybuty- 
40 lene provided the combined weight of 
hydrocarbon resin and polyisobutylene or 
polybutylene is not more than 10 wt.%. 

Concerning the ethylene copolymer the 
carboxylic acid is preferably aliphatic, and 
4 5_saturated and prefera bly mono carboxylic. 
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Thus, one may use vinyl propionate, vinyl 
hexoate, vinyl octanoate, vinyl dodecanoate, 
vinyl behenate, or isopropenyl acetate, The 
particularly preferred ester is vinyl acetate. 
The resulting polymer should preferably 50 
contain from 91 to 95 wt.% of ethylene. 

One method of preparing the copolymers 
involves feeding the monomers into a 
tubular reactor which has been previously 
purged with nitrogen. A small amount of 55 
oxygen, usually 0.005 to 0.05 wt.% based 
on the weight of ethylene is also introduced 
into the reactor. Alternatively a peroxide 
initiator, e.g. di-t-butyl peroxide, or a mix- 
ture of peroxide initiator and oxygen may 60 
be introduced in to the reactor in place of 
oxygen alone. A solvent (e.g. benzene, 
water, saturated hydrocarbons, methanol) 
may also be employed in the reaction. The 
pressure is maintained between 60 and 2700 65 
atmospheres (900 and 40,000 p.s.i.g.), 
preferably between 135 and 2000 atmos- 
pheres (2,000 and 30,000 p.s.i.g.). The 
temperature should be maintained between 
40°C and 300°C, preferably between 70°C 70 
and 250°C. 

Another method of. preparing the copo- 
lymers is via a batch process. Such a pro- 
cess requires a solvent for the reactants, 
the solvent being for example toluene or 75 
hexane. The preferred solvent however is 
benzene. The reaction initiator may be any 
peroxy compound, preferably di-t-butyl 
peroxide. The temperature of the polymer- 
isation reaction is dependent upon the par- 80 
ticular peroxide initiator employed and 
should be high enough for sufl&cient de- 
composition of the initiator to occur. This 
temperature will usually be between 40° C 
and 300° C g 5 

For the preferred initiator, i.e. di-tert-butyl 
peroxide, the most suitable temperature is 
between 130°C and 160°C The pressure 
should be between 60 and 1000 atmospheres 
(900 and 15000 p.s.i.g.), and preferably 90 
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being between 75 and 470 atmospheres 
(1100 and 7000 p.s.i.g.). The autoclave or 
similar equipment containing the solvent, 
initiator and vinyl or hydrocarbyl substi- 
5 tuted vinyl ester is purged with nitrogen 
and then with ethylene before charging 
with a sufficient amount of ethylene to 
yield the desired pressure when heated to 
the reaction temperature. During the poly- 

10 merization additional ethylene is added to 
maintain the pressure at the desired level. 
Further amounts of initiator and/or solvent, 
and/or vinyl and hydrocarbyl substituted 
vinyl ester may also be added during the 

15 reaction. On completion of the reaction 
free solvent and unreacted monomers are 
removed by stripping or some other suit- 
able process yielding the desired polymer. 
As a modification, another method of 

20 making a suitable copolymer is to com- 
pound a vinyl carboxylate (e.g. vinyl ace- 
tate) copolymer containing a higher content 
of vinyl carboxylate than 11 wt% with 
polyethylene to obtain the suitable vinyl 

25 carboxylate level (ie, not more than 11 
wt%) and melt flow index. 

The ethylene copolymer should prefer- 
ably have a melt index (as defined in 
ISO.R92 using a temperature of 190°C and 

30 a load of 2.16 Kg.) of 0.2 to 20, especially 
1.5-3.0. 

The hydrocarbon resin is defined as an 
amorphous hydrocarbon polymer having an 
average number molecular weight of not 
35 more than 3000. Usually the resin is 
polycyclic. 

The hydrocarbon resin may be a poly- 
terpene resin or a resin obtained by the 
polymerization of a cracked petroleum dis- 
40 tillate fraction. The polymer is then prefer- 
able hydrogenated to yield a .very light, 
coloured product. 

Although various petroleum distillate 
fractions may be used, the preferred feed- 
45 stocks are those having a relatively wide, 
boiling range, e.g. 20°C to 280°C. 

Before polymerization takes place the 
cracked petroleum distillate fraction is 
preferably heat-soaked, e.g. at a tempera- 
50 ture above 100°C e.g. 130°C to 140°C, for 
a period of less than one hour so as to di- 
merize the cyclic dienes. The heat-soaked 
feed is thereafter distilled and the desired 
fraction e.g. one boiling between 80°C and 
55 180°C, vacuum distilled to obtain the 
desired cut to be polymerized. 

The preferred fractions are those which 
comprise compounds having one or more 
unsaturated rings in the molecule, such as 
60 cyclodienes, cycloalkenes and indenes, in 
particular the fractions boiling above 
100°C. 

Polymerization preferably takes place 
without a catalyst, i.e. thermal polymer- 
65 ization at a preferred temperature of 240°C 



to 320°C, e.g. about 250°Q The thermal 
polymerization is preferably carried out in 
an inert atmosphere, e.g. N a at a pressure 
of 10-12 atmospheres for 1 to 9 hours. If 
desired polymerization can take place using 70 
a Friedel-Crafts catalyst, such as A1C1 3 , 
BF S , SnQi, Tid 4 at a temperature of 

- 100°C to + 95°C, e.g. 0°C to 55°C. 

- When the polymer is subjected to hydro- 
genation, the polymer is first preferably dis- 75 
solved in a saturated hydrocarbon solvent 
such as heptane, in a proportion of for ex- 
ample 20 to 60% by weight in relation to 
the polymer solution. 

Suitable hydrogenation catalysts include 80 
nickel, reduced nickel, nickel-tungsten sul- 
phide, molybdenum sulphide, and a pre- 
ferred catalyst is a pre-activated catalyst 
on a Kieselguhr support containing about 
58% by weight of nickel, the specific area 85 
being about 140 m 2 /g and the ratio: 
reduc ed nickel , . 

total nickel bemg about °- 66 - Suitable 

proportions of catalyst are from 5 to 20% 
by weight, e.g. 7 to 13% by weight, based 90 
on weight of resin. 

Hydrogenation preferably takes place at 
215 to 270°C e.g. about 215°C at a pressure 
of 40 to 60 atmospheres, e.g. 45 atmos- 
pheres, for a period up to 3 hours, e.g. 95 
about 2 hours. 

After cooling the solution of polymer 
should be filtered to eliminate traces of 
catalyst and obtain a clear solution free 
from all impurities. 100 

The solution is then distilled under 
nitrogen and thereafter steam distilled at 
a temperature not exceeding 260°C. 

The resin thus obtained usually has a 
Gardner colour of 1 to 3, a bromine 105 
number of 1 to 20 and a ball-ring softening 
point of about 100°C. 

A preferred resin derived from a - 
petroleum distillate fraction is a hydro- 
genated polycyclopentadiene resin. 110 

Suitable hydrocarbon resins also include 
coumarone-indene resins and hydrogenated 
coumarone-indene resins. 

The liquid polyisobutylene or polybuty- 
lene preferably has a viscosity average mole- 115 
cular weight (Flory method) of 30,000 to 
50,000. 

The preferred proportions of ethylene 
copolymer and hydrocarbon resin, poly- 
isobutylene or polybutylene are 96 to 99 120 
wt.% of ethylene copolymer and 1 to 4 
wt.% of hydrocarbon resin, polyisobutylene 
or polybutylene and 92 to 96 wt.% of 
ethylene copolymer and 3 to 6 wt.% of 
hydrocarbon resin plus 1-2 wt.% of polyiso- 125 
butylene or polybutylene. 

After mixing the constituents of the 
composition of the invention, the desired 
stretch and seal film can be made either by 
tubular blowing or by chill roll casting. In 130 
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the tubular blowing method the copolymer 
and resin containing mixture in the molten 
" . state is forced around a mandrel inside a 
die and extruded through the die opening 
5 as a tube. The tube whilst still in the melt 
state is expanded to a hollow cylinder of 
desired diameter by blowing with air ad- 
mitted through the centre of the mandrel. 
The chill roll casting method results in a 

10 more tacky, more elastic film with better 
visual appearance. In the chill roll casting 
method the hot melt extruded through a die 
: slot is cooled by the surface of two or more 
water-cooled chill rolls. Films having thick- 

15 nesses of between 10 and 100 microns are 
preferred. If desired, the films can be 
coloured provided they remain transparent. 

Example 1 

20 90 parts by weight of an ethylene-vinyl 
acetate copolymer having a melt index of 
about 2 and containing 5 wt.% vinyl 
- acetate was tumbled with 10 parts by weight 
of a masterbatch containing 30 wt.% of a 

25 petroleum resin and 70 wt.% of the ethy- 
lene-vinyl acetate copolymer. The mixture 
was then extruded from a flat die at a melt 
temperature of 250° C onto a chill roll 
cooled with water at 15°C The resultant 

30 film was 20 microns thick and had excellent 
and lasting blocking or tack, and was ex- 
tremely elastic. 

Example 2 

35 J; 100 parts by weight of the ethylene-vinyl 
acetate copolymer used in Example 1 were 
mixed with 3.5 parts by weight of a 
petroleum resin in a 50 lb high speed 
powder blender for 30 seconds. 

40 The resultant mixture was fed directly to 
the hopper of a 4.5 inch extruder fitted 
with a long 30/1 L/D ratio mixing screw. 
After extruding a 700 lb/hr at temperatures 
of 220-240°C 40 rods 1/8 inch in diameter 

45 were extruded, cooled in a water bath, and 
chopped into pefiets 1/8 to 1/4" long. This 
compound was then extruded at 260° C on 
a 2 1/2 inch extruder to give a blown film 
13 inches layfiat width. The edges were 

50 trimmed to give two films each 12 inches 
wide, which were wound onto a suitable 
mill roll. Lengths of 90 feet were rewound 
onto individual tubes for more convenient 
use when the film was not being used 

55 industrially. 

Example 3 

99 parts by weight of an ethylene vinyl ace- 
tate copolymer containing 10 wt.% acetate 

♦60 were mixed with 1 wt.% of a liquid poly- 
isobutylene rubber (viscosity average MW 
of 30,000-50,000) in a 2 lb internal rubber 
mixer of the Banbury type. The resultant 
mixture was discharged and sheeted out on 

<65 a rubber mill to 1/8 inch thickness and 



cooled. The mixture was then granulated 
mechanically by a rotating high speed 
plastics cutter. 

The granulate was fed directly to the 
hopper of an adiabatic type polyethylene 70 
blown film unit. Standard low density poly- 
ethylene conditions were employed using a 
blow-up ratio of 2.2 to 1 from a 120 mm 
diameter die, and film 20 microns thick was 
edge slit and wound separately onto take 75 
up rolls. The polyisobutylene was observed 
to enhance film strength and elasticity; it 
gave better clarity with lower haze, and 
contributed good tear, gloss and cling 
properties. 80 

Example 4 

1.25 weight % of the polyisobutylene 
used in Example 3 was heated to 120°C 
and mixed in the manner of hot melt ad- 85 
hesives with 3.75 wt.% of a peroleum resin 
at the same temperature. The mass was 
allowed to cool and crystallise. The mixture 
was then crushed or ground into a fine 
powder. Various methods (Hammer mill, 90 
mechanical granulator, ball mill) could be 
used to achieve this. (If not used immedi- 
ately' the powder may be stabilised by 
addition of small amounts (say 1.25 wt.%) 
of zinc stearate, silica dust or talcum). 95 

5 wt.% of the prepared powder was 
tumble blended with 95 wt.% of an ethy- 
lene vinyl acetate copolymer containing 8 
wt.% vinyl acetate. The blend was ex- 
; truded into rods and cut into pellets in the 100 
same manner as outlined in Example 2. The 
granulate was processed into film using the 
equipment detailed in Example 3. Blown 
film 20 microns thick was produced having 
excellent strength, tear and cling properties, 105 
with good gloss, clarity and low haze. The 
powder was observed to impart sparkle to 
the film with additional stiffness when com- 
pared to the product of Example 3. 

WHAT WE CLAIM IS:— U ° 

1. A transparent self -sealing film made 
from a composition comprising (i) 90 to 
99.95 wt. % of a copolymer of ethylene and 

a vinyl (or hydrocarbyl substituted vinyl) 115 
ester of a d-Qt, monocarboxylic acid con- 
taining at least 89 wt.% of ethylene and 
(ii) either 0.05 to 10 wt.% of a hydrocarbon 
resin (as hereinbefore defined), or 0.05 to 
5 wt.% of liquid polyisobutylene or liquid 120 
polybutylene or a combination of 0.05 to 10 
wt.% of the hydrocarbon resin and 0.05 to 
5 wt.% of the polyisobutylene or poly- 
butylene, provided the combined weight of 
hydrocarbon resin and polyisobutylene or 125 
polybutylene is not more than 10 wt.%. 

2. A film according to claim 1 wherein 
the vinyl ester from which the copolymer 
is derived is vinyl acetate. 

3. A film according to either of claims 120 
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1 and 2 wherein the hydrocarbon resin is 
a resin obtained by the polymerization of 
a cracked petroleum distillate fraction. 

4. A film according to claim 3 wherein 
5 the polymeriser cracked petroleum distil- 
late fraction has been hydrogenated. 

5. A film according to either of claims 
.3 and 4 wherein said fraction comprises 

compounds having one or more unsatu- 
10 rated rings in the molecule. 

6. A film according to any one of 
claims 3 to 5 wherein said fraction boils 
above 100°C. 

7. A film according to any one of the 
15 preceding claims wherein the hydrocarbon 

resin has a Gardner colour of 1 to 3, and a 
bromine number of 1 to 20. 

8. A film according to any one of the 
preceding claims which comprises 96 to 99 

20 wt.% of the ethylene copolymer and 1 to 4 
wt.% of the hydrocarbon resin, polyiso- 
butylene or polybutylene. 

9. A film according to any one of claims 
1 to 7 which comprises 92 to 96 wt.% of 

25 ethylene copolymer and 3 to 6 wt.% of 
hydrocarbon resin plus 1 to 2 wt.% of poly- 
isobutylene or polybutylene. 

10. A film according to any one of the 
preceding claims wherein the copolymer 

30 contains from 91 to 95 wt.% of ethylene. 

11. A film according to any one of the 
preceding claims wherein the ethylene 



copolymer has a melt index (as defined in 
ISO.R92 using a temperature of 190°C and 
a load of 2. 16 Kg) of 0.2 to 20. 35 

12. A film according to claim 11 where- 
in the melt index is 1.5 to 3.0. 

13. A film according to any one of the 
preceding claims wherein the resin is a 
hydrogenated polycyclopentadiene resin. 40 

14. A film according to any one of the 
preceding claims which has a thickness of 
between 10 and 100 microns. 

15. A film according to any one of the 
preceding claims wherein the polyisobuty- 45 
lene or polybutylene has a viscosity average 
MW of 30,000 to 50,000, 

16. A modification of the film claimed 
m any one of claims 1 to 9 and 12 to 15 
wherein the copolymer of ethylene and a 50 
vinyl (or hydrocarbyl substituted vinyl) 
ester contains a higher content of vinyl car- 
boxylate than 11 wt.% and is compounded 
with polyethylene to obtain a level of vinyl 
carboxylate of not more than 11 wt.% in 55 
the blend of said copolymer and poly- 
ethylene. 

17. A film according to claim 1 sub- 
stantially as hereinbefore described with 
reference to any one of the Examples. 60 

K. J. VERYARD 
15 Suffolk Street 
London SW1Y 4HS 
Agent for the Applicants 
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